Abstract Over the decades, arthroscopy has grown in popularity for the treatment of many foot and ankle pathologies. While anterior ankle arthroscopy is a widely accepted technique, posterior ankle/subtalar arthroscopy is still a relatively new procedure. The goal of this review is to outline the indications, surgical techniques, and results of posterior ankle/subtalar arthroscopy. The main indications include: 1) osteochondral lesions (of subtalar and posterior ankle joint); 2) posterior soft tissue or bony impingement; 3) os trigonum syndrome; 4) posterior loose bodies; 5) flexor hallucis longus (FHL) tenosynovitis; 6) posterior synovitis; 7) subtalar (or ankle) joint arthritis; 8) posterior tibial, talar, or calcaneal fractures (for arthroscopic reduction and internal fixation). Although posterior ankle/subtalar arthroscopy has shown to be safe and effective in the treatment of many of the above mentioned conditions, thorough knowledge of the anatomy, correct indications, and a precise surgical technique are essential to produce good outcomes.
Introduction
Over the decades, arthroscopy of the ankle has grown and improved considerably. In 1931, Burman was the first to attempt an ankle arthroscopy [1] . He became convinced of the impossibility of such a procedure because of the limited space and close relationship of the delicate anatomical structures. Forty years later, in 1972, thanks to technological advances, Watanabe was the first to report on a series of 28 ankle arthroscopies [2] . Since then, numerous studies and substantial progress have been made, and arthroscopic ankle surgery has gradually changed from a purely diagnostic means to a therapeutic tool.
Historically, the hindfoot was approached with a threeportal technique (anteromedial, anterolateral, and posterolateral) and the patient supine [3] . However, with anterior arthroscopy it is difficult to approach the posterior aspect of the ankle joint, and the subtalar joint is not visualized. For these reasons, a new two-portal posterior approach was introduced for hindfoot arthroscopy with the patient in the prone position [4] . This new approach provides excellent access to the posterior compartment of the ankle as well as extra-articular posterior structures, and therefore, the posterior ankle arthroscopy has grown in popularity. The widespread use of arthroscopy of the ankle is also attributable to its advantages compared with open surgery: direct visualization of the structures, less post-operative morbidity, faster rehabilitation, earlier resumption of sports, and outpatient treatment [5•, 6, 7] .
Nowadays, posterior ankle arthroscopy represents a safe and reliable treatment option for different pathologies of the ankle and hindfoot. The aim of this review is to outline the most common indications for posterior ankle/subtalar arthroscopy as well as describe the surgical techniques and the results.
Indications and contraindications
The indications for posterior arthroscopy include both intraand extra-articular pathologies and may involve: 1) bone (hypertrophic posterior talar process, os trigonum, bipartite talus, loose bodies, ossicles, post-traumatic ossifications, avulsion fragments, posterior facet talocalcaneal coalition, Haglund's deformity, osteophytes, posterior tibial, talar or calcaneal fractures, Cedell fracture); 2) cartilage (posterior talar, tibial, or calcaneal osteochondral defects, arthritis, chondromatosis, talar cystic lesions, intraosseous talar ganglia); or 3) soft tissues (flexor hallucis longus tendinopathy, symptomatic inflammation of the retrocalcaneal bursa, posttraumatic synovitis, villonodular synovitis, and soft-tissue impingement) [4, 5•, 8-19] . Most of these conditions (excluding fractures) should initially be treated conservatively with: rest, ice, physical therapy, orthosis, analgesics or antiinflammatory drugs, and local injections. If these measures fail, surgical treatment should be considered [8] .
Some authors proposed the use of arthroscopy for the treatment of ankle fractures. However, definitive indications for arthroscopic reduction and internal fixation have not been established yet. This is a valid approach for twofragment fractures without significant soft-tissue damage, but more complex fractures are difficult to treat arthroscopically, and open surgery is usually required [9•] . In addition, it has to be mentioned that arthroscopy is a valuable diagnostic and prognostic tool, which allows identifying intra-articular damages that would otherwise remain unrecognized.
Prone ankle arthroscopy is contraindicated in cases of inadequate conservative treatment, localized soft tissue infection, previous open surgery (with extensive scar around the posteromedial neurovascular bundle or FHL tendon) and severe soft-tissue damage associated with trauma. Caution must be taken with the presence of vascular diseases (including diabetic vascular disease and the absence of posterior tibial pulses), severe edema, and moderate degenerative joint disease. 
Physical examination and preoperative work-up
Physical examination starts with a thorough investigation into the patient's history. Previous injuries or surgeries to the foot and ankle, together with the type of pain, its duration, and location, should be carefully evaluated. The activities eliciting the pain and any previous conservative treatments should also be investigated.
Abnormal gait or alignment should be evaluated. Then, accurate inspection and palpation of the foot and ankle are carried out. All articular and periarticular structures, such as muscles, bones, ligaments, tendons, blood vessels, and nerves must be carefully evaluated. Any organic or functional abnormalities should be considered. The tibialis posterior, FHL, and peroneal tendons should be palpated at rest and against resistance in order to reproduce the symptoms.
Pain with hyperplantarflexion is typical of posterior ankle impingement. The symptoms are usually elicited with running or walking on uneven surfaces. Sometimes, tenderness can be appreciated at the posterolateral or posteromedial ankle [21, 22] . An injection with local anesthetic may help clarify an uncertain diagnosis [5•] .
Typical symptoms of osteochondral lesions or loose bodies include pain, catching, snapping, grinding, swelling, and tenderness around the involved joint [8] . Sometimes, impaired function, limited range of motion, stiffness, and locking may be present [23•] . Burning, electrical sensations, and tingling over the base of the foot and the heel need to be ruled out because these symptoms are suggestive for peripheral nerve compression syndromes [8] .
The pre-operative work-up includes weight-bearing radiographs of both ankles in anteroposterior, lateral, and mortise views together with an oblique view of the foot [8] . The oblique view with the foot in 25 degrees external rotation is useful to differentiate between hypertrophy of the posterior talar process or os trigonum [5•] . When malalignment of the hindfoot is present, a Cobey/Saltzman view is required [8] . When necessary, an MRI or CT scan can be obtained for further evaluation of soft tissues and bone, respectively.
Surgical technique
Posterior ankle/subtalar arthroscopy is performed with the patient prone, under general or spinal anesthesia. Preoperative intravenous antibiotic prophylaxis is performed (usually with Cefazolin 2 g). Adequate padding is positioned to protect the ventral areas of the patient such as the genitals, abdomen, knees, elbows, and breasts from excessive pressure. The ankle is left hanging off the operating table so that it can be moved freely during surgery. A tourniquet is placed at the proximal thigh and inflated to 300 mmHg. Distraction is not routinely applied.
A surgical pen is used to mark the Achilles tendon and the lateral malleolus. With the foot in neutral position (90°), a straight line parallel to the foot sole is drawn from the tip of the lateral malleolus to the Achilles tendon. The posterolateral portal (PL) is made just proximal to this line and tangential to the Achilles tendon. The posteromedial (PM) portal is located at the same level on the medial side of the Achilles tendon (Fig. 1a ). Ten ml of saline are injected into the ankle or subtalar joint with a syringe. Then, the vertical skin incision of the PL portal is made. Dissection of the subcutaneous tissue and deeper layers is performed bluntly with a mosquito clamp, which is oriented towards the first interdigital space. A 2.7 or 4.0-mm arthroscope is then inserted into the joint. The posterior talar process can be palpated and used as a landmark between ankle and subtalar joints. The PM portal skin incision is then made at the same level and parallel with respect to the PL portal. Deep dissection is performed with a mosquito clamp as previously described. The clamp is directed toward the arthroscope shaft at a 90°angle, then it is moved along the shaft and opened in front of the tip of the arthroscope in order to create space and improve visualization. A 2.9 full-radius mm shaver is then inserted into the PM portal, and initial synovectomy is performed. The FHL tendon is an important landmark and should always be identified, debrided from its sheath, and kept in view medially in order to avoid damage to the neurovascular bundle during the whole procedure. Passive motion of the great toe will assist in the identification of the FHL (Fig. 1b) .
Both ankle and subtalar joints can be approached (Fig. 1c,d ). From lateral to medial the following structures can be identified: lateral malleolus, posterior inferior tibiofibular ligament (PITFL), posterior talofibular ligament (PTFL), calcaneofibular ligament (CFL), FHL, posterolateral process (PLP) of the talus, posterior tibiotalar ligament (PTTL, part of the deep deltoid), and medial malleolus. When examining the tibiotalar joint, the arthroscope is advanced between the PITFL and the PTFL, gently elevating the PITFL with the probe. The subtalar joint is clearly visible below the PTFL. When examining the subtalar joint, a probe can be inserted between the talus and calcaneus to palpate the articular cartilage. Gentle levering of the probe can distract the joint and improve visualization. A noninvasive distraction strap is usually ineffective in improving subtalar joint visualization. If subtalar joint opening is required, a transcalcaneal thin wire distraction is recommended [24•] .
A wide variety of different conditions can be treated according to the preferred surgical technique through this two-portal posterior approach. These include: 1) osteochondral lesions (of subtalar and posterior ankle joint); 2) posterior soft tissue or bony impingement; 3) os trigonum syndrome; 4) posterior loose bodies; 5) flexor hallucis longus (FHL) or peroneal tenosynovitis; 6) posterior synovitis; 7) subtalar (or ankle) joint arthritis; 8) posterior tibial, talar, or calcaneal fractures (for arthroscopic reduction and internal fixation or loose body removal).
In case of FHL tendonitis, posterior impingement, or os trigonum syndrome, the FHL is debrided from its sheath and Fig. 1 
of all the attached soft tissues. The synchondrosis between the talus and os trigonum is palpated with a freer elevator and cracked by levering maneuvers. The os trigonum is removed as a whole, preferably, or piecemeal, using a grasper. In the presence of an intact enlarged trigonal process, this is removed entirely with a burr. The posterior aspect of the talus is evaluated and any sharp bony edges are smoothed out. The most posterior aspect of the articular cartilage of the posterior talar facet of the subtalar joint is always removed together with the os trigonum.
After posterior impingement syndrome, FHL release, os trigonum removal, or OCL debridement, the patient can be discharged the same day of surgery and weight-bearing is allowed as tolerated. The patient is instructed to elevate the foot when not walking to prevent edema. The dressing is removed three days postoperatively. Performing active range of motion exercises for at least 3 times a day for 10 min each is encouraged [5•] .
When performing an arthroscopic subtalar arthrodesis, an accessory PL portal can be established approximately 1 cm proximal and 1 cm posterior to the tip of the lateral malleolus just posterior to the peroneal sheath and anterior to the sural nerve (Fig. 1a) . Blunt dissection on the posterior aspect of the peroneal sheath and careful instrument insertion is required since the sural nerve can be in direct contact. This additional portal can be used to distract the joint by inserting a large blunt trocar. Most of the procedure can be completed with the arthroscope in the PL portal and the instruments posteromedial, although both portals can be used in an alternating fashion for viewing and for instrumentation. The articular cartilage of the entire posterior facet is removed with a 4 mm burr, a shaver, and multi-angled curettes. Overall, 1 to 2 mm of subchondral bone is removed until cancellous bone is visible. Care is taken not to alter the geometry of the joint. All the debridement is done posterior to the interosseous ligament, which must be visualized. Morcellized cancellous allograft is inserted through a small arthroscopic sleeve. In this fashion, only the posterior facet is fused. Alternatively, the use of a third sinus tarsi portal has been described, in addition to standard PM and PL portals [13•] . Less commonly, a trans-Achilles portal can be used during prone arthroscopy. Fixation is achieved with 2 cannulated 6.5 mm partially threaded cancellous screws that are inserted under fluoroscopic control from the weightbearing surface of the heel to the talus neck or body. Similarly, a sinus tarsi portal can be used to distract the joint and to remove the cartilage from the anterior articular surface of the subtalar joint, which is not accessible from the PM and PL portals.
After a posterior arthroscopic subtalar arthrodesis, a below knee cast is applied and the patient is kept non-weight-bearing for 6 weeks. At 6 weeks, the cast is removed, while ROM exercises and gradual weight-bearing in a short leg removable boot are started. At 12 weeks, the patient can be progressed without limitations if callus formation is evident on the radiographs. Clinical and radiological evaluation is performed at 2 weeks, 6 weeks, 10 weeks, 3 months, 6 months, and 1 year after surgery.
Osteochondral lesions
Posterior osteochondral lesions (OCL) of the tibia and talus are better visualized with a posterior approach. This area is particularly difficult to visualize from the front. In general, an average of 54 % of the talar dome can be reached with a prone arthroscopy [20] . The indications and arthroscopic treatment of posterior OCL are comparable in both anterior and posterior arthroscopy and depend on the size and chronicity of the lesion, age of the patient, alignment, previous conservative and surgical treatments, and most of all, symptoms. With a posterior arthroscopic approach, all of the following techniques can be used for OCL treatment: debridement and abrasion arthroplasty, bone marrow stimulation, autologous cancellous grafting, anterograde/retrograde drilling, fixation, osteochondral transplantation, Autologous Matrix Induced Chondrogenesis (AMIC), and autologous chondrocyte implantation (ACI). The outcomes of OCL treated with a posterior arthroscopic approach have not been reported yet, but we can assume they are comparable to those of anterior arthroscopy, ranging from 76 % to 89 % success rate according to the repair technique used [23•] .
Posterior ankle impingement, os trigonum syndrome, and FHL tenosynovitis The posterolateral process of the talus has a secondary ossification center that mineralizes between 7 and 13 years of age and in 7 % to 14 % of the population may also remain as a separated ossicle (also known as os trigonum). In a small percentage of cases it can be symptomatic [8] . Os trigonum syndrome usually presents as posterior, posteromedial, or posterolateral ankle joint pain, and FHL tenosynovitis is often associated. History, clinical examination, and a lateral view of the ankle are usually sufficient for the diagnosis. Non-operative treatment and long-term modification of activities is usually the first-line management, with a 60 % rate of symptoms improvement [8] . Conservative treatment includes rest, ice, anti-inflammatory medications, immobilization in a short-leg walking cast, avoidance of forced plantarflexion activities, and physical therapy (heel cord stretching and isometric strengthening).
Surgical treatment is indicated when an appropriate conservative treatment (at least 3 months long) fails. Either arthroscopic or open debridement has been described.
Although excellent outcomes have been reported with both open and arthroscopic resection [4, 25, 26] , arthroscopic technique is less invasive, providing precise diagnosis and treatment with an early return to the previous activity level [26] . A 68-84 % rate of good or excellent outcomes has been reported after posterior arthroscopy for posterior ankle impingement [26] .
Posteromedial impingement
Posteromedial ankle impingement is an uncommon disease in which a severe injury involves the deep posterior fibers of the medial deltoid ligament [8] . The ankle usually shows deep soft tissue induration and localized tenderness; pain is evocable palpating the medial retromalleolar area while moving the ankle [27] . If the symptoms are refractory to conservative treatment (physical therapy, strengthening, and corticosteroid injection), posterior arthroscopy is indicated. A thorough debridement and synovectomy resolves the symptoms in the majority of cases [27] .
Haglund's deformity and achilles tendon pathologies Haglund's syndrome, disease, or deformity refers to a prominent posterosuperior calcaneal tuberosity, mostly on the lateral side, associated with retrocalcaneal bursitis and Achilles tendonitis [28] [29] [30] [31] [32] [33] . After failure of nonoperative treatment, the goal of surgery is to avoid the impingement of the bursa between the Achilles tendon and the calcaneal prominence. The inflamed bursa is thus removed, and the superoposterior calcaneal prominence is resected [34] [35] [36] .
Open surgery requires large exposure with a consequent high risk of wound and soft tissue problems. The endoscopic approach offers an excellent visualization and reduces the risk of wound dehiscence, painful scars, and nerve entrapment within the scar [37] . One of the risks of hindfoot endoscopy for the treatment of Haglund's deformity is not removing enough bone from the calcaneal tuberosity. Arthroscopic calcaneoplasty reported 95 % of favorable outcomes. [37] With a two-portal approach (one made approximately 10 to 12 cm proximal to the calcaneal tuberosity near the tendon-muscle junction and the other just above the tuberosity), the whole length of the achilles tendon can be inspected, and adhesions, inflammation, and scar tissue around the tendon can be treated [14] .
Subtalar arthrodesis
Subtalar arthrodesis is indicated for symptomatic posttraumatic and inflammatory arthritis, posterior tibial tendon dysfunction, and congenital deformities when conservative treatments fail [8, [38] [39] [40] [41] [42] [43] . Open techniques have generally reported favorable results, though nonunion rates can be as high as 5 % to 16 % [41, 42] . Arthroscopic subtalar arthrodesis in prone position through a posterior two-portal approach was developed to improve the outcomes of open techniques. The advantages of the arthroscopic approach include: safe access, superior visualization of the posterior talocalcaneal facet, easy screw fixation, less post-operative pain, minimal invasiveness, and preservation of calcaneal/ talar blood supply [8, 44•] . Fusion rates range from 91 % to 100 % with this technique [43, 45•, 46-49] .
Talocalcaneal coalitions
Talocalcaneal coalitions (TCC) account for approximately 53 % of all tarsal coalitions and affect 1 to 6 % of the population [50] . Although asymptomatic in most cases, TCC can become symptomatic in young adults after a minor injury to the hindfoot. The first-line approach is conservative treatment, including: activity modification, orthoses, anti-inflammatory drugs, physical therapy, and cast immobilization in case of severe pain [51] .
After failure of conservative treatment, excision of symptomatic TCC may be indicated if less than 50 % of the subtalar joint is involved and there is an absence of degenerative changes to the subtalar or surrounding tarsal joints. When severe degenerative changes in the tarsal joints are present or more than 50 % of the subtalar joint is involved, subtalar or triple arthrodeses are indicated.
Because patients are usually young, an attempt is usually made to excise the coalition and preserve the joint motion without burning any bridges for subsequent fusion in case of TCC resection failure. 
Fractures
Reduction and internal fixation with assistance of posterior arthroscopy has been described for the treatment of noncomplex posterior fractures of the tibia, talus and, calcaneus. Small fragments can be removed while larger fragments can be fixed acutely with one or more cannulated screws. Furthermore, arthroscopy offers the opportunity to assess and manage combined intra-articular damages associated with the fracture [9•] .
Complications
In a multicenter study, Nickisch et al. reported the complication of posterior ankle and hindfoot arthroscopy [52•] . Out of 189 ankles, postoperative complications were observed in 16 patients (8.5 %) and included: plantar numbness (4 cases and 3 resolved), sural nerve dysesthesia (3 cases and 2 resolved), Achilles tendon tightness (4 cases and all resolved), and complex regional pain syndrome and infection (2 cases each and all resolved). The authors concluded that posterior ankle/hindfoot arthroscopy can be performed with a low incidence of major postoperative complications. To our best knowledge, this is the largest case series reporting about the complications of posterior ankle arthroscopy.
These findings are also supported by several anatomical studies [53] [54] [55] examining the PM and PL portals and their relationships with neighboring neurovascular structures. Although concerns have been expressed in the past about the risk of damaging the neurovascular structures while performing the PM portal [39, 48, [56] [57] [58] [59] [60] [61] [62] [63] [64] , recently, it has been shown that posterior ankle/subtalar arthroscopy is safe and effective [4, 45•, 53, 65-69] .
Conclusions
Arthroscopy/endoscopy has become an important mean in the treatment of numerous ankle, subtalar, and extraarticular pathologies, with the advantage of a quicker recovery and a shorter hospitalization compared with traditional open techniques. Despite the minimal invasiveness of the technique, anterior and posterior arthroscopy is not free from complications. Posterior ankle/subtalar arthroscopy has a longer learning curve compared with anterior arthroscopy and should be performed by skilled arthroscopists. A thorough knowledge of the anatomy, correct indications, and a precise surgical technique are essential to produce good outcomes.
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